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1. Resumen
Se hace una revisión de los métodos de ensayo capaces de detectar
diferentes daños genotóxicos y citotóxicos producidos por plaguicidas.
Detección de mutaciones génicas mediante el ensayo de Salmonellal
microsoma; y detección de aberraciones cromosómicas estructurales,
intercambio de cromátidas hermanas y micronúcleos en cultivos de células
CHO y en cultivos de linfocitos de sangre periférica humana in vitro e in vivo.
Se muestran los resultados obtenidos con diferentes plaguicidas de uso
fungicida, herbicida e insecticida (Fungicidas: captan, folpet, captafol,
diclofluanida, zineb, y maneb; Herbicidas: clorbromurón, clortolurón,
difenoxurón, diurón, fluometuron, isoproturón, linurón, metobromurón,
metoxurón, monolinurón, monurón y neburón; e Insecticidas: piretrinas, aletrín,
bioaletrín, s-bioaletrm, resmetrín, tetrametrín, czs-permetrín, trans-permetrín,
cipermetrín, deltametrín, fenvalerato, carbofurano, triadimefón y triclorfón).
Se indica el valor predictivo de los ensayos de genotoxicidad y
citotoxicidad, de corta duración, para la estimación del riesgo cancerígeno
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para el hombre de los productos químicos, de uso fitosanitario y plaguicida,
sustancias que son contaminantes potenciales del medio.
2. Laburpena
Plagizidek sortutako kalte genotoxiko eta zitogenetikoez jabetzeko
saio-metodoen berrikustapena egin da. Aldaketa genetikoen detekzioa
5'a/mone//a/mikrosoma saioaren bidez; aberrazio kromosomiko egituralen
detekzioa, kromatida ahizpen elkartrukaketa eta mikronukleoak CHO
zelulen landaketetan eta giza-odol periferikoaren linfozitoen landaketetan
in vitro eta in vivo.
Onddohilkari, belarhilkari eta intsektuhilkari bezala erabilitako pla-
gizida desberdinekin sortutako ondorioak azaltzen dirá (Onddohilkariak:
captan, folpet, captafol, diclofluanida, zineb eta maneb; Belarhilkariak:
clorbromurón, clortolurón, difenoxurón, diurón, fluometurón, isoproturón,
linurón, metobromurón, metoxurón, monolinurón, monurón eta neburón; eta
Intsektuhilkariak: piretrinak, aletrín, bioaletrín, s-bioaletrín, resmetrín,
tetrametrín, cw-permetrín, frans-permetrín, cipermetrín, deltametrín, fenva-
lerato, carbofurano, triadimefón eta triclorfón).
Amaitzeko, iraupen laburreko genotoxizitate eta zitotoxizitate saioek,
ingurugiroaren kutsatzaile potentzialak diren eta erabilera fitosanitario eta
plagizidetako produktu kimikoek gizakiarengaineko minbizi arriskuen
iragarpenean duten balioa adierazten da.
3. Introduction
Within the context of Council Directive 92/32/EEC, the 7th Amendment
to Council Directive 67/548/EEC, it is required that the mutagenic potential
of new substances is investigated to an extent which permits adequate risk
characterization (de la Peña & Francia, 1978; de la Peña & Barrueco, 1990;
de la Peña et al, 1990; 1991a; 1991b).
Table 1 shows the publication data on carcinogenicity and genotoxicity
of the pesticides evaluated (Herrera, 1986; Herrera & de la Peña, 1989;
IARC, 1991; de la Peña etal., 1994).
This report presents our screening data of 35 chemical producís
(pesticides and metabolites) concerning the induction of gene mutations in
5a/mone//a/microsoma and various cytogenetic effects: in vitro (structural
chromosomal aberrations, sister chromatid exchanges and micronuclei) in
cultured human lymphocytes; structural chromosome aberrations in Chinese
hámster ovary cells (CHO cells) and structural chromosome aberrations and
micronuclei in vivo in lymphocytes of workers exposed to pesticides. Sperm
abnormalities detected in the in vivo assay in Wistar rats and descendants
are also included.
Table 1.
Carcinogenicity and genotoxicity data of the pesticides (fungicides, herbicides and insecticides).
N.°
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Pesticides
Captan
Folpet
Captafol
Dichlofluanide
Chlorbromuron
Chlortoluron
Difenoxuron
Diuron
Fluometuron
Isoproturon
Linuron
Metobromuron
Metoxuron
Monolinuron
Monuron
Neburon
Pirethrum
Alethrin
Bioalethrin
S-bioalethrin
Resmethrin
Tetramethrin
Permethrin
Cipermethrin
Deltamethrin
Fenvalerate
Zineb
Maneb
Carbofurane
Triadimefon-Bayleton
Trichlorfon
CH
ND
ND
ND
ND
CA
L
NE
I
NE
S
NE
I
I
Use
F
F
F
F
H
H
H
H
H
H
H
H
H
H
H
H
I
I
F
F
I
F
I
STT
LP
LP
SP
LP
I
I
LP
LP
I
SP
LP
LP
I
SN
LN
I
LN
LN
I
I
I
SN
LP
I
LP
Gene mutation
Proc.
+
+
+
+
-
-/+
-/+
-
-
-
-/+
-
-/+
-
-
+
-
-
-
-
-
-
-
+/-
+/-
+
+
Euca.
+
+
+
+
+
+
+
-
-
-
+
-
-
-
+
Chromosomic efrects
In virro
-/+
+
+
-
+
-
In vivo
-/+
-/+
+
+
9
-
+
+
+
+
+
+/?
+
+
+
-
+
-
DNA Damage
REP
+
+
-
-
_
-
+/-
-
9
-
9
9
-
-
-
?/-
UDS
-
-
-
+
+
+
+
+
-
-/+
-
-
-
-
-
+
-
+
+
SCE
-/+
+
-
-/+
-
+
+
CG
-
+
-
-
-
-
-
-
-
-
-
+
+
+
Transform
+
References
(See Herrera & de la
Peña, 1989)
1,2,4,6,9, 14, 18 ,21
1 ,2 ,9 , 14, 18
1,2, 18
2, 18
17
10, 17
2, 10, 17
4, 17
17
2, 10, 17
1, 10, 17
1, 10, 17
1,6 , 10, 14, 17
1, 10, 17
2, 13, 19
1, 13, 14, 19
13
13, 14
13, 19
13, 14, 19
13, 15
13
13
1,2 , 14
1,2, 14
1,2,4, 14, 19
o
3
O
o
o|
^?
o
3
•<
o
CH, human carcinogen: CA, Carcinogenicity in experimental animáis. Evidence of Carcinogenicity: L, l imited; I, inadecuate; S, sufficienl; ND, no data; NE, no evidence of Carcinogenicity.
Use: F, fungicide; H, herbicide; I, insecticide.
STT, evidence in short system test; SP, sufficient positive; LP, limited positive; SN, sufficient negative; LN, limited negative; 1, insufficient or inadequate mutagenicity.
Results: +, mutagenic; -, no mulagenic; ?, inconclusive; +/-, contradictory data.
Transform, cellular transformations; Proc, procaryotes; Euca, eukaryotes; REP, mitotic recombination; UDS, unschcduled DNA in mammals; SCE, sister chromatid exchange; CG, gene conversión.
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4. Materials and Methods
We have examined over 35 chemicals and some mixtures of oil
producís during the past 10 years, using strains of Salmonella and two
cultures of cells with established experimental protocols.
Assays
The assays were performed by standard procedures described by UKEMS
(1989; 1990; 1993). The bacterial reversión assay systems with Salmonella
typhimurium were carried out as described by Canga (1987), Barrueco & de
la Peña (1988), Herrera & Laborda (1988), and Barrueco et al (1991); the
assay with Chinese hámster ovary cells was described by Caballo et al.
(1992a; 1992b); the in vitro assay with cultured human lymphocytes was
described by Barrueco et al. (1992) and Herrera et al. (1992); the in vivo
assay of sperm abnormalities in Wistar rats was described by Castaño (1988)
and the in vivo study with cultured human lymphocytes of workers exposed to
pesticides was described by Barrueco et al. (1992; 1993).
The type of damage detected by the different assay methods are Usted
in Table 2.
Table 2.
Type of damage detected in the pesticides evaluation and assay methods uded.
Type of damage Assay Methods
1. Gene mutations
2. Chromosome aberrations
3. Micronuclei
4. DNA damage
5. Sperm abnormalities
Salmonella typhimurium/ microsome
Culture in vitro/in vivo cultured human lymphocytes
Cultured CHO cells
Culture in vitro/in vivo cultured human lymphocytes
Culture in vitro/in vivo cultured human lymphocytes
Cultured CHO cells
In vivo Wistar rats and Fl descendants
Pesticides tested
Compounds listed in Table 3 were evaluated and tested with the different
methods of assay. Tables 4 and 5 show the results of the 35 pesticides and
metabolites tested for their ability to induce some genotoxic effects in the
presence and absence of the S9 mixture. The S9 mixture is the supernatant of
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Table 3.
Pesticides evaluated.
Fungicides
Captan
Captafol
Dichlofluanid
Folpet
Maneb
Zineb
Herbicides
Chlorbromuron
Chlortoluron
Difenoxuron
Diuron
Fluometuron
Isoproturon
Linuron
Moetoxuron
Monolinuron
Monuron
Neburon
Insecticides
Crisantemic Ac.
Alethrin
Bioalethrin
Cipermethrin
Deltamethrin
Fenvalerate
Permethrin
Pirethrum
Resmethrin
Tetramethrin
Other
Carbofurane
Triadimefon
(Bayleton)
Trichlorfon
the post-mitochondrial liver fraction from Wistar rats and it was used as a
metabolic activation system (Marón & Ames, 1983).
5. Results and Discussion
Table 4 shows the results obtained in the Salmonella/microsome assay.
The main conclusions are the following:
1. Captan and folpet showed mutagenic effects to the TAI00 strain, this
strain contains C-G base pairs at the site of the mutation. With the
strains that contain A-T base pairs TAI02 and TAI04, captan and
folpet were mutagenic in strain TAI04, captafol was mutagenic in
the strain TA102; the excisión repair systems of the TA102 strain is
still intact (Barrueco & de la Peña, 1988).
2. Isoproturon and other herbicides were not mutagenic in all strains
neither in the presence ñor in the absence of the rat liver activation
system (Canga, 1987) (Table 4).
3. The pyrethroids resmethrin, permethrin and fenvalerate were not
mutagenic in the presence or absence of the rat liver activation system.
Allethrin was mutagenic with the TAI00, TAI04 and TA97 strains and
required metabolic activation in order to develop their activity, mainly
with the TA100 and TA104 strains (Herrera & Laborda, 1988).
4. Trichlorfon induced a base pair substitution mutation and its
mutagenic activity was decreased by the addition of the S9 mixture.
The fluctuation test and the fluctuation test with preincubation were
the most sensitive assay methods for detecting the mutagenicity of
trichlorfon (Barrueco et al, 1991) (Table 4).
Table 4.
Mutagenicity of pesticides in the Salmonella/microsome assay.
,.
1
2
3
4
5
6
7
8
9
10
11
13
14
16
17
18
19
20
21
23
24
25
26
27
28
29
30
31
32
33
35
Pesticides
Captan
Folpet
Captafol
Dichlofuanide
Tetrahydrofthalimide
Tiazolidin^-carboxylic acid
Maneb
Zineb
Triadimefon
Chlorbromuron
Chlortoluron
Diuron
Fluometuron
Linuron
Metobromuron
Metoxuron
Monolinuron
Monuron
Neburon
Pirethrum
Alethrin
Bioalethrin
S-bioalethrin
Resmethrin
Tetramethrin
c/5-Permethrin
/ra/is-Permethrin
Cipermethrin
Deltamethrin
Fenvalerate
Trichlorfon
Use
F
F
F
F
m
m
F
F
F
H
H
H
H
H
H
H
H
H
H
Salmonella rvphimurium, reverse mutation
TA 1535
+
+
-
-
-
-
(-)( \)
_
— —
_
( \ )
(-)
(-)
(-)
(-)
(-)
/ \)
— ÍT~
S9
+
+
-
-
-
-
(-)( \)
_
-j-p
+
/ \ )
(-)
(-)
(-)
(-)
(-)/ \)
-y— '
TA 1537
+
+
-
-
-
-
(-)
(-)
_
-jy-
_
f \ )
(-)
(-)
(-)
(-)
(-)
/ \)
-LJ—
S9
+
+
-
-
-
-
(-)
/ j
(-)
_
( }
_
f \ )
(-)
(-)
(-)
(-)
(-)( \)
( '
TA 1538
(-)( \-
_
i \ )
(-)(-)
(-)(-)(-)i \)
(-)
S9
(-)/ \ (-p
_
/ \ )
(-)
(-)
(-)
(-)
(-)/ \LL~
TA 100
+
+
-
-
-
-
f \)
_
— pp
+
(-)
/ )
— T-
S9
+
+
-
-
-
-
(-)i \)
_
—^Y+
(-)/ \1iL-
TA97
+
+
-
-
-
-
(-)f )
(-)
„
—^Y~
+
+/
(-)
(-)/ j
-9-
S9
+
+
-
-
-
-
(-)
/ \)
_
( )
+
+/
(-)
(-)
(-)
(_'
TA98
H
/ \
— pp
_
f \ )
(-)
(-)
(-)
_
S9
(-)/ \
— —
_
f \ )
(-)
(-)
(-)
_
TA 102
-
-
+
-
-
-
(+/-)
( \)
(-)
+/-
(-)
(-)
(-)
/ \-L—
S9
-
-
+
-
-
-
(-)
(-)
(+)
— —
TA 104
+
+
-
-
-
-
(-)
(-)
H
-
-
_
-
„
-
-
-
H
+
_
+
-
(-)
-
-
(-)
(-)
-v
S9
+
+
-
-
-
-
(-)
(-)
H
-
-
_
-
„
-
-
-
H~
+
_
+/-
-
(+/-)
-
-
(-)
(-)
-
(-¿—
S9, additíon of the supernatant of Ihe post-mitochondrial liver fraction from rat with cofactors; F, fungicide; m, metabolite; H, herbicida; I, insecticide. Results: +, positive; -, negaüve, in the standard piale incor-
poration assay; (-) only ¡n the spot test.
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5. Zineb and maneb were not mutagenic in all strains in the presence or
absence of the rat liver activation system (de la Peña et al., 1989).
6. The results of the induction of sperm abnormalities by the pesticides
(isoproturon, captan, bayleton) are included in Table 5. Isoproturon,
captan, 4-isopropilaniline and triadimefon (bayleton) increased the
frequencies of sperm abnormalities in the in vivo assay with Wistar rats.
These frequencies of sperm abnormalities were found to be statistically
significant. Isoproturon and captan increased the frequencies of sperm
abnormalities in the Fl descendants of the treated rats (Castaño, 1988)
(Table 5).
Table 5 shows the summary of the effects produced by permethrin
with the in vitro and in vivo cell culture assays.
7. Permethrin, deltamethrin and fenvalerate were tested for their
ability to induce chromosome aberrations (CA) and sister chromatid
exchanges (SCE) in CHO cells (Caballo et al, 1992a) (Table 5).
Deltamethrin and Fenvalerate in the presence of the S9 mixture are
able to increase significantly the frequency of CA, while in the SCE
test this increase occurred both in the presence and in the absence of
the S9 mixture. Permethrin induced CA when it was evaluated in
the absence of the metabolic activation system.
8. The pyrethroid insecticide permethrin was tested for its ability to
induce sister chromatid exchanges (SCE), micronuclei (MN) and
structural chromosome aberrations (CA) in cultured human peripheral
blood lymphocytes (Barrueco et al, 1992; Herrera et al, 1992). Small
elevations in the SCE frequencies were found and even though
statistically significant, they may not have any biological meaning.
The more so since there was no dose-effect relationship.
Permethrin caused an increase of micronuclei; the increase was
statistically significant in all concentrations. The effect of permethrin
seemed to be dose-dependent.
Permethrin induced both MN and CA when it was evaluated in
the absence of the metabolic activation system. Nevertheless, it can
not be said that the S9 mixture suppressed the activity in itself. The
effect of permethrin seemed to be dependen! on the time of exposure.
Permethrin could be characterized as a S-phase independen! agent
with greater potential for inducing chromosomal damage than sister
chromatid exchanges.
9. Permethrin induced chromosome aberrations in cultured human
lymphocytes. Due to this reason, the pyrethroid insecticide permethrin
was tested for its ability to induce structural chromosome aberrations in
human lymphocyte cultures and in CHO cells, in order to confirm the
clastogenic effect of it and to compare the response of the two different
cell types (Barrueco et al, 1994). The clastogenic effect of permethrin
was confirmed in the CHO cells.
Table 5.
Genotoxicity of the pesticides in the in vitro and in vivo assays.
N.°
1
2
3
4
5
6
7
Pesticides
Captan
Isoproturon
4-Isopropilaniline
Permethrin
Deltamethrin
Fenvalerate
Triadimefon
Use
F
H
m
I
I
I
F
CHO cells
GenM.
-
-
S9
+/-
+
CA
+
-
-
S9
-
+
+
SCE
+
+
S9
+
+
human lymphocyte cultures
in vitro
CA
+
S9
-
MN
+
S9
-
SCE
-
S9
-
in vivo
CA
_*
MN
_*
Sperm
abnormalities
SA
+
+
+
+
Fl
+
+
F, fungicide; H, herbicide; I, insecticide; m, metabolite. CHO, Chínese hámster ovary cells. Gen M, Gene mutation; CA, Chromosome aberrations;
SCE, Sister chromatide exchanges; MN, Micronuclei. SA, Sperm abnormalities in Wistar rats; Fl, Sperm abnormalities in the Fl descendants. S9,
addition of the supernatant of the post-mitochondrial liver fraction from rat with cofactors. Results: +, positive; -, negative, in the standard píate
incorporation assay; *, preliminary study.
3l
f»
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Genotoxicity and Cytotoxicity of Pesticides 297
Permethrin induced CA in both cultures when it was evaluated
in the absence of the metabolic activation system. Aberrations
induced by permethrin were mainly chromosome-type aberrations
in both cultures. Thus, again, permethrin can be characterized as a
S-phase independen! clastogenic agent. The response of both
lymphocytes and CHO cultures was similar, indicating that both
systems showed the same sensitivity for detecting the clastogenic
activity of permethrin in vitro.
10. In workers exposed to permethrin, the preliminary results indicated
that there were no significant differences in both micronuclei
frequency and the number of total aberrations between the exposed
groups and the controls. Nevertheless, in three exposed individuáis
the frequency of chromosome-type aberrations was higher than in
the controls (Barrueco et al, 1992; 1993) (Table 5).
The analysis of the results of carcinogenicity/genotoxicity of pesticides
allows us to conclude that the short-term assay systems are sensitive for
the prediction of carcinogenicity (Herrera, 1986; Herrera & de la Peña,
1989; Herrera et al, 1994; de la Peña et al, 1991; 1994).
The way to protect ourselves against genotoxic agents is to eliminate
from our environment a great part of the carcinogenic products, and
consequently contribute to the preventive action against cáncer. The
utilization of in vitro genotoxicity assays and in vivo studies of short-term
duration, permits and facilitates a rational use of pesticides and a reduced
use of laboratory animáis in toxicology.
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Cell Biology plays a relevant role in understanding the effects of
xenobiotics on organisms and ecosystems because the cell is the
site of xenobiotic accumulation, metabolism and reaction.
Moreover, Cell Biology offers potent quantitative tools and
innovative approaches for the biological assessment of pollution
such as the use of cultured cells in toxicity testing and the use of
cellular biomarkers in environmental monitoring. The investigation
of the interactions between celts and environment has already
given important clues to the diagnosis and prediction of
xenobiotic-induced alterations.
"Cell Biology ¡n Environmental Toxicology" is composed of
reviews produced especially to provide a statement and
discussion of the existing knowledge on key-topics and to report
the new ideas put forward during a course on Cell Biology in
Environmental Toxicology held in the University of the Basque
Country in June 1994. It has been designed to provide a rational
assessment of the current potential of Cell Biological methods
and concepts to solve problems encountered in Environmentai
Toxicology. In addition, this book suggests directions for future
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